Keywords: lizard maleemale interactions pair bond relatedness Scincidae social network space use Social organization is widespread; even largely solitary species must organize themselves to enable contacts with mates and reduce competition with conspecifics. Although the forms of social structure can be subtle in solitary species, understanding the factors that influence them may be important for understanding how different forms of social organization evolved. We investigated the influence of genetic relatedness and spatial structure on social associations in a solitary living Australian scincid lizard, Tiliqua rugosa. We derived the genetic relatedness of 46 lizards from analysis of genotypes at 15 microsatellite DNA loci, and described social networks from GPS locations of all the lizards every 10 min for 81 days during their main activity period of the year. We found that connected male dyads were significantly more related than expected by chance, whereas connected maleefemale and femaleefemale dyads had lower relatedness than expected. Among neighbouring maleemale and maleefemale dyads, the strongest social relationships were between lizards that were the least related. Explanations of this pattern may include the avoidance of inbreeding in maleefemale dyads, or the direction of aggressive behaviour towards less related individuals in maleemale dyads. Observed social associations (inferred through synchronous spatial proximity) were generally lower than expected from null models derived from home range overlap, and many close neighbours did not make social contact. This supports our hypothesis for the presence of deliberate avoidance between some neighbouring individuals. We suggest that lizards can discriminate between different levels of relatedness in their neighbours, directing their social interactions towards those that are less related. This highlights differences in how social associations are formed between species that are solitary (where associations form between unrelated conspecifics) and species that maintain stable social groups structured by kinship.
a r t i c l e i n f o
Social organization is widespread; even largely solitary species must organize themselves to enable contacts with mates and reduce competition with conspecifics. Although the forms of social structure can be subtle in solitary species, understanding the factors that influence them may be important for understanding how different forms of social organization evolved. We investigated the influence of genetic relatedness and spatial structure on social associations in a solitary living Australian scincid lizard, Tiliqua rugosa. We derived the genetic relatedness of 46 lizards from analysis of genotypes at 15 microsatellite DNA loci, and described social networks from GPS locations of all the lizards every 10 min for 81 days during their main activity period of the year. We found that connected male dyads were significantly more related than expected by chance, whereas connected maleefemale and femaleefemale dyads had lower relatedness than expected. Among neighbouring maleemale and maleefemale dyads, the strongest social relationships were between lizards that were the least related. Explanations of this pattern may include the avoidance of inbreeding in maleefemale dyads, or the direction of aggressive behaviour towards less related individuals in maleemale dyads. Observed social associations (inferred through synchronous spatial proximity) were generally lower than expected from null models derived from home range overlap, and many close neighbours did not make social contact. This supports our hypothesis for the presence of deliberate avoidance between some neighbouring individuals. We suggest that lizards can discriminate between different levels of relatedness in their neighbours, directing their social interactions towards those that are less related. This highlights differences in how social associations are formed between species that are solitary (where associations form between unrelated conspecifics) and species that maintain stable social groups structured by kinship.
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Animal species range from solitary to eusocial in their social organization (Linksvayer, 2010; Michener, 1969) , but all interact socially with conspecifics at some times, in some of their activities. An ongoing question is how genetic relatedness influences these social associations (Wilson, 1975) . There are two main mechanisms by which genetic relatedness may influence social interactions. First, if individuals have limited opportunity for dispersal, they may avoid inbreeding by reducing social contact with related individuals of the opposite sex (Pusey & Wolf, 1996) . Second, indirect fitness accrued through interactions with kin may be favoured when the benefits from cooperating exceed the costs associated with close living (Alexander, 1974) . Even in reptiles, benefits can be gained from kin-structured social interactions. For example, the gidgee skink, Egernia stokesii, lives in highly related groups that include a breeding pair and one or more cohorts of their offspring (Gardner, Bull, Cooper, & Duffield, 2001) , with related individuals benefiting from the resulting enhanced vigilance against predators (Lanham & Bull, 2004) . The alternative ways in which genetic relatedness may influence social interactions among individuals may shape social network structure.
Increasingly, social networks are being used to explore the structure of social associations within populations and within aggregations (Krause, Croft, & James, 2007; Sih, Hanser, & McHugh, 
